Depression in patients with type 2 diabetes (T2D) is associated with long-term complications, disability, and early mortality. No studies have systematically examined the length of episodes and remission in adults with major depressive disorder (MDD) and T2D. This study examined the course of depressive disorders in patients with T2D and MDD.
greater functional disability (11) , and early mortality (12, 13) . This literature has been heterogeneous in the measurement and definition of "depression." Few studies have examined characteristics of depression using standardized psychiatric interview protocols to distinguish depressive disorders from symptoms otherwise attributable to T2D or other medical comorbidities (14) (15) (16) (17) .
While the course of depression in the general population is well documented (18-21), the progression of major depressive disorder (MDD) in patients with T2D has not been extensively examined. Lustman et al. (16) found that patients with T2D and MDD averaged 4.8 depressive episodes during a 5-year follow-up period. The average duration of the longest episode for each participant was 16.1 months. Lustman et al. found that of the 12 participants who reached full remission during the clinical trial, 58.3% had a subsequent depressive episode within 1 year and 3 more relapsed during the 5-year follow-up period (16) .
In a separate study, a combination retrospective and prospective investigation of depression in patients with T2D revealed that 22 of 28 participants with depression evaluated using the Diagnostic Interview Schedule at baseline evaluation met diagnostic criteria for MDD or dysthymia during 5-year follow-up (15) . Participants experienced nearly as many depressive episodes (mean 4.2) during the 5-year follow-up period as they had in their lifetime prior to the 5-year follow-up period (mean 6.3 episodes). At baseline, 51% reported that their longest episode lasted 0-12 weeks, 16% reported a longest episode of 13-26 weeks, 5% had a longest episode of 27-52 weeks, and 28% had a longest episode that exceeded 52 weeks. At follow-up, 46% reported a maximum duration of 0-12 weeks, 17% between 13 and 26 weeks, 10% between 27 and 52 weeks, and 17% exceeding 52 weeks (15) .
Multiple studies have observed a bidirectional relationship between depression and T2D with a 38-60% increased risk of T2D in adults with a lifetime history of depression (22) (23) (24) (25) . Findings from these prospective longitudinal trials have suggested that depression may be a predisposing factor for the development of T2D after controlling for obesity, sex, and poverty, which are known risk factors for both disorders. Prior studies using repeated measures cross-sectional and longitudinal designs suggest that depression is persistent in those already diagnosed with T2D (26, 27) . However, it is not known whether T2D lengthens the duration of depressive episodes, and no comparisons have been made for episode length or burden of depression in patients whose depression has preceded the diagnosis of T2D compared with those in which T2D was diagnosed first.
Depression Course and Duration in the General Population
Lifetime and point prevalence rates of MDD and other depressive disorders (ODD) in the general population have been well characterized by several major prospective trials including the Epidemiologic Catchment Area (ECA) program and the National Institute of Mental Health Collaborative Program on the Psychobiology of Depression trial (18, 20) . In these studies, participants were assessed longitudinally either in person or via telephone using a structured clinical interview designed to identify psychopathology according to the Research Diagnostic Criteria and the DSM-IV. Participants were followed prospectively and assessed at set intervals such that the duration of their pathology could be plotted over time. In these trials, the lifetime prevalence of MDD was found to range from 10 to 25% in women and 5 to 12% in men, and the point prevalence varied from 5 to 9% for women and 2 to 3% for men (28, 29) . Additionally, one study found that 85% of participants who recovered from MDD experienced at least one recurrent episode (30) . Fifty-eight percent of individuals who remained well for at least 5 years following their baseline episode experienced a subsequent episode (30) . Episodes characterized as mild to severe had an average duration of 13.8 to 16.6 weeks, and "very severe" episodes had a mean duration of 23.1 weeks. The overall mean duration was 16 weeks (21). Taken together, data drawn from the general population points to the recurrent nature of clinical depression. However, no studies have examined depression duration in patients with T2D, and there has been no data on the characteristics of first and subsequent episode lengths and periods of depression remission. Understanding the course of depression in people with T2D has implications for treatment approaches and standards of care that should be used to treat this vulnerable population. The current study was designed to describe the lifetime course of MDD and ODD in terms of episode length, remission duration, and progression of episodes in a well-characterized sample of adults with T2D. In addition, we examined episode and remission duration before and after diagnosis of T2D to test whether the order of diagnosis influenced burden of depression.
RESEARCH DESIGN AND METHODS
The current study represents a secondary data analysis of Program ACTIVE (Adults Coming Together to Increase Vital Exercise) (31,32). From 2006 to 2009, a single-arm pilot and feasibility study was conducted to test a combination behavioral approach (10 sessions of cognitive behavioral therapy combined with 12 weeks of community-based exercise) to treating depression in adults with T2D. Participants were recruited from physician practices, community advertisement, and local media from rural Appalachian counties in southeastern Ohio and western West Virginia (31). The study was approved by the Ohio University Institutional Review Board, and informed consent was given by all participants. Eligibility criteria included the following: 18 years of age or older, ambulatory status, receiving care from a primary or specialty care provider, and current MDD (using DSM-IV-TR diagnostic criteria). Participants were medically ineligible if they had been diagnosed with uncontrolled stage 2 hypertension or had a cardiac event in the past year, laser surgery on eyes to correct diabetic retinopathy in the last 6 months, history of stroke, lower limb amputation, asensory neuropathy, severe valvular heart disease, atrial fibrillation, severe chronic obstructive pulmonary disease, class III or IV heart failure, or medical instability. Participants with current suicidal ideation, substance abuse or dependence, a lifetime history of bipolar depression, or psychotic symptoms were excluded. The methods of the parent study are described in detail elsewhere (31).
Participants were assessed at three time points: baseline, postintervention, and 3 months postintervention. A total of 50 participants were enrolled, and 40 participants completed the intervention, the postintervention follow-up assessment, and the 3-month follow-up assessment. At each time point, data were collected on depression, glycemic control, and cardiovascular risk outcomes (31). The current study captured lifetime history and course of depression before, during, and following the 12-week behavioral intervention.
Measures

Demographic Data
Demographic characteristics were obtained via a self-administered questionnaire completed by each participant at baseline. Variables included age, ethnicity, marital status, income, educational status, work status, and health insurance status.
Assessment of Depression: Structured Clinical Interview for DSM-IV-TR
The Structured Clinical Interview for DSM-IV-TR (SCID) is a semistructured psychiatric diagnostic interview protocol that assesses current and lifetime presence of 33 Axis I disorders in adult populations using DSM-IV-TR diagnostic criteria (28, 33) . Interviewers used a timeline to plot social, occupational, and medical events throughout the period of the interview. Major life events placed on this timeline were used as memory cues for participants to identify the date of onset and offset of depressive symptoms and episodes. Dates of symptom onset and offset were captured at the level of month and year with default values placed on the first day of the month if more specific information was not available from the participant. The time frame for baseline SCID interviews was birth to the date of interview (i.e., lifetime history). In postintervention and 3-month follow-up interviews, participants were queried for life events and symptoms to the date of the last completed interview. The SCID interview uses a "decision tree" format to guide the interviewer through possible diagnoses as the interview proceeds (33).
Interviewers were graduate-level psychology students who had been trained to reliability by the first author using practice interviews to reach consistent levels of accuracy in recognizing symptomology (k = 0.90-1.00). Case conferences were used to reach group consensus among the study principal investigator and interviewers regarding diagnoses and reduce interviewer drift over the course of the study.
Physical Examination and Medical History
Self-reported medical history data were obtained via interview at baseline, postintervention, and 3-month follow-up by the study research nurse including the following: diabetes type and duration, height, weight, prescribed diabetes treatment regimen, medical contraindications for participation, medical diagnoses, and number and severity of diabetes complications (31). Primary or specialty care providers were contacted to confirm medical eligibility for participation in the study.
Glycated Hemoglobin
Glycated hemoglobin (HbA 1c ) was measured using the DCA2000+ Analyzer (Bayer Diagnostics, Wayne, NJ) at each assessment time point. The DCA2000+ Analyzer provides glycated hemoglobin data from whole-blood samples using the measurement of glycated fractions of HbA 1c , which reflects the glucose level in blood over a 2-to 3-month time span. The reference range for HbA 1c samples was 4.3 to 5.7%.
Data Coding
In order to assess number and duration of psychiatric episodes, data from Program ACTIVE SCID booklets were reviewed and coded for each of the 50 participants enrolled in the study. The following variables were coded for each participant.
Onset Date
The onset date was the date on which the participant met full criteria for the DSM-IV-TR diagnosis of the disorder.
Offset Date
The offset date was the date on which the participant no longer met full criteria for the depressive disorder. For episodes of MDD, this was the date that the participant no longer met criteria for five of the possible nine symptoms required for the diagnosis. For cases in which a depressive episode was ongoing at the time of the last interview, the date of the interview was used as the offset date (i.e., censored). If there was no offset date listed for a current depressive episode but the subsequent SCID booklet did not reflect any continuous symptoms, the date of previous SCID interview was used as the offset date for that episode.
Date of Full Remission
The date on which the participant had been without core mood symptoms (depressed mood or anhedonia) for 2 months was considered the date of full remission. For participants whose MDD episode remitted less than 2 months from the date of the last interview, the depressive episode was coded as MDD in partial remission (28) .
ODD
Onset and offset dates were recorded for all ODD including dysthymia, depressive disorder not otherwise specified, adjustment disorder with depressed mood, and simple bereavement. Because these diagnoses do not incorporate a partial remission course specifier per the DSM-IV-TR criteria, the offset date was considered to be the date on which symptoms ended, per participant report.
Remission Periods
Remission periods were calculated as the difference between the date of full remission of the previous episode and the start date of the subsequent episode.
Other Axis I Disorders
Remission status for all other Axis I diagnoses, as defined by the DSM-IV-TR, reported at any of the three assessment time points was recorded. Disorders assessed for remission statuses included bipolar I disorder, alcohol abuse, alcohol dependence, non-alcoholic substance abuse, non-alcoholic substance dependence, panic disorder with/without agoraphobia, agoraphobia without history of panic disorder, social phobia, specific phobia, obsessive-compulsive disorder, somatization disorder, post-traumatic stress disorder, generalized anxiety disorder, anorexia nervosa, bulimia nervosa, and binge eating disorder. Episodes were coded as "current," "partial remission," "full remission," and "diagnosis never present," consistent with DSM-IV-TR diagnostic criteria.
Statistical Analysis
Data were analyzed using Statistical Analysis Software (SAS) 9.4. Consistent with studies conducted in the general population, depressive episode duration was calculated by subtracting the episode start date from the date of full remission. Descriptive statistics were calculated for episode duration and remission periods. The primary outcome was the time to recurrence of any depressive disorder following the remission of the previous episode. We used Kaplan-Meier survival curves for the first, second, and third recurrences to describe the time to next episode at each observed event time point. Frailty models were calculated to conduct statistical comparisons of two survival curves in order to account the correlation among multiple recurrences within a subject. To assure the proportionality assumption on the hazard ratio, we divided the time into two strata. A similar approach was used to analyze the time to remission and length of episode considering up to three episodes of any depressive disorder within a participant. Finally, Kaplan-Meier curves and log-rank tests were used to determine whether having diabetes before or after the first episode of any depressive disorder resulted in the same remission time or length of episode.
RESULTS
Participant demographic characteristics are presented in Table 1 .
Characteristics and Rate of All Depressive Episodes
Rates of psychiatric disorders and characteristics of depressive episodes across the spectrum of Axis I depressive disorders are presented in Table 2 . Participants experienced their first episode of any depressive disorder at a mean (SD) age of 41.7 (15.9) years and had a mean (SD) of 2.3 (1.0) lifetime depressive episodes (range 1.0-5.0). Participants were exposed to a mean (SD) of 71.1 (103.7) months of any depressive disorder (range 0.5-620.5). Mean episode duration of any depression diagnosis was 30.9 months (SD 63.2; range 0.4-536.8).
Characteristics of MDD
Descriptive characteristics of MDD episodes are presented in Table 2 
Censored Episodes
Of the 92 major depressive episodes, 21 were censored and were coded with an artificial full remission date (the date of the participant's most recent SCID interview) representing a conservative estimate of length for these episodes. Of the 21 censored episodes, 10 were censored because the participant was lost to follow-up and only completed the baseline SCID. A total of 11 episodes were censored because participants did not reach full remission prior to the end of the 3-month follow-up period. Of these 11 episodes, 10 were index episodes reported at baseline and one was a recurrent episode that occurred after recovery from the index episode.
Characteristics of ODD
ODD were defined in this study as DSM-IV-TR depressive disorders that did not meet DSM-IV-TR criteria for MDD including dysthymia, depressive disorder not otherwise specified, adjustment disorder with depressed mood, and simple bereavement. Across all participants, there were 23 ODD episodes reported by 18 participants. These episodes lasted a mean of 60.9 months (SD 123.8; range 0.4-536.8) with mean lifetime combined exposure of 77.8 months (SD 151.6; range 1.0-608.8).
Characteristics of Remission Periods
Remission periods between depressive episodes were examined (Table 3) . Participants were stratified by the number of depression-free/any depression episodes. The first depression-free period was coded as the period from birth to the first depressive episode. Figure 1A and B shows the survival curves for the time to first, second, and third recurrence of any depressive disorder. The second recurrence occurred significantly sooner (median duration 60 months) than the first recurrence (Fig. 1A) (P = 0.002). The median time to the second recurrence was much shorter than the median time to the first recurrence (66.0 vs. 128.5 months) for those who had at least two recurrences (N = 32). When comparing the time to the third recurrence with the time to first and second recurrences, we considered only those with at least three recurrences (N = 19). The time to the third recurrence was shorter than the time to the first recurrence (18 vs. 70 months), although the difference did not reach statistical significance (P = 0.07 for month .25) because of the small sample size. However, the median time to the third recurrence was significantly shorter than the median time to the second recurrence (Fig. 1B) (18 vs. 62 months; P , 0.007).
Depressive Episode Recurrence
Depressive Episode Duration
The Kaplan-Meier survival curves for the length of first, second, and third episodes of any depressive disorder are shown in Fig. 1C and D. Figure 1C shows that the median length of the second episode was significantly shorter than the median length of first episode (9 vs. 14 months; P = 0.048 for time .5 months) for those who had at least two episodes (N = 38). Similarly, Fig. 1D shows that the median length of third episode was significantly shorter than the median length of first episode (8 vs. 25 months; P = 0.007 for time .3 months) for those who had at least three episodes (N = 21). However, the lengths of second and third episodes were not significantly different. Finally, in order to assess whether the duration of any depressive disorder differed in the presence of T2D, we conducted Kaplan-Meier survival curves stratified by order of depression versus diabetes onset (i.e., those whose first diagnosis was depression vs. those whose first diagnosis was T2D). We did not observe any differences in the survival curves for the time to first remission or length of first episode between the two groups: those with diagnosis of diabetes before the first episode of any depressive disorder (median 11 months) versus those with diagnoses of diabetes after having the first episode of any depressive disorder as well as after the remission time (median 14 months; P = NS).
CONCLUSIONS
This study characterizes the course of depressive disorders in a well-defined cohort of adults with T2D drawn from a rural Appalachian geographic region. This is the first study to carefully document episode and remission duration in a sample of participants exclusively with T2D. This is also the first study to examine length of depressive episodes vis-à-vis the onset of T2D. We found an average duration of MDD episodes of 23.4 months, which is an order of magnitude longer than the average duration of MDD observed in the general population (22 weeks) (34) . Although the design of this study did not include a control group without diabetes, this finding is consistent with prior intervention trials (15,16) as well as cross-sectional repeated measures studies (26, 27) that have suggested that depression is more persistent among T2D patients than the general population. The mean episode duration of major depression in our study was 7 months longer than the average of the longest episodes reported by Lustman et al. (16) . We also observed that MDD and ODD were recurrent in participants with T2D with mean total exposure to all depressive episodes lasting nearly 6 years (i.e., 71 months) over the life course.
We observed that the first episode of depression had the longest duration (median 14-25 months) with subsequent episodes lasting a median of 8-9 months. Prior studies of depressive episode duration in the general population have had mixed results; some studies (34) have shown a comparable episode duration across recurrences while others (35, 36) have documented a shorter duration with each subsequent episode. These studies prospectively assessed for psychopathology using structured clinical interviews other than the SCID. Solomon et al. (34) conducted assessments every 6 months, and Spijker et al. (36) conducted assessments every 3 months. Eaton et al. (35) conducted a single follow-up interview 13-15 years after the initial assessment using a visual interactive life chart to provide memory cues for each of the years under assessment. In our sample, the time between episodes (interepisode recovery) became shorter in those with two or more depressive episodes. These findings are consistent with the pattern of decreasing interepisode depression-free periods seen in the general population (37).
We observed a considerable variation in the duration of MDD episodes across our sample. Sixty-nine percent of MDD episodes were 19.3 months or shorter in duration, and the other 31% ranged from 25.0 to 231.3 months. The variance in episode length captured here could reflect the varying nature with which MDD persists in patients with T2D. Further study is needed to determine if the dissimilarity among episodes observed here is generalizable to all individuals with T2D and MDD.
There are a number of factors that may contribute to this overall pattern. Insufficient detection and/or treatment of depressive episodes may result in incomplete recovery from the primary episode for individuals with T2D. Evaluation of the course and duration of depressive episodes in the general population has indicated that partial remission increases the likelihood of depression relapse. One study (38) reported a 67.6% relapse rate for those in partial remission from MDD and a 15.2% relapse rate for those in full remission from MDD at the beginning of a 2-year follow-up period. Another investigation (39) observed that participants with residual symptoms during recovery from an MDD episode relapsed three times faster (median 23 vs. 68 weeks) than patients who achieved asymptomatic recovery. Patients with ODD relapsed five times faster (median 33 vs. 184 weeks) than patients who reached asymptomatic recovery. In addition, another study (39) found that individuals with residual, subthreshold symptoms had shorter well intervals (median 22.0 weeks) between any depressive episode than their asymptomatic counterparts (median 154.0 weeks). This study also found that participants with subthreshold symptoms had more depressive episodes (mean 2.5 episodes) than participants who reached asymptomatic recovery (mean 1.5 episodes). They reported that those with subthreshold symptoms spent a lower percentage of weeks without depressive symptoms than those who reached asymptomatic recovery. Patients with residual symptoms spent a significantly higher percentage of time with subthreshold depressive symptoms, minor depression, or dysthymia (40) .
If these observations from the general population hold true for patients with T2D, these findings in combination with the current data point to the importance of depression detection and well-monitored progressive treatment to fully resolve depressive episodes. The longer the exposure to depression, the greater the risk of adverse diabetes outcomes (3). Such exposure can be significantly reduced when depression is effectively treated using a range of behavioral and medication strategies (3, 32) .
We did not observe a significant difference in the length of depressive episodes for people whose first diagnosis was depression compared with those whose first diagnosis was T2D. Prior prospective longitudinal trials (23-25) have documented that a lifetime history of depression confers a 38-60% increased risk for the onset of T2D after controlling for other common factors including obesity, sex, and poverty, suggesting a biological predisposing factor. While a lifetime history of depression may increase the risk for the development of T2D, the length of depressive episodes was consistently prolonged whether depression was diagnosed before or after T2D. This suggests that stressors or other epigenetic factors may set the stage for greater burden of depression regardless of the timing of the onset of T2D (41) .
Limitations of the current study include a relatively small sample size that may contribute to limited power to detect effects. Further, the lack of diversity among participants may hinder generalizability of this predominantly white, rural, and insured sample to other populations with T2D. In addition, this study did not include a control group without diabetes, which would have allowed for a direct comparison of the course of MDD in people with and without T2D. Because the parent study (31,32) was designed as a pilot trial of a behavioral intervention for people with T2D, people without diabetes were excluded. However, the assessment conducted to diagnose MDD and measure episode duration was consistent with the methods used by prior studies in the general population. While the specific tools may differ, structured diagnostic interviews allow for a level of symptom identification and differentiation that reliably achieve the same level of diagnostic validity.
Further, individuals with suicidal ideation were also excluded from the current study. Because suicidal ideation often marks a more severe level of MDD, it is possible that there is a selection bias in the sample. If reported durations are taken as conservative estimates, it remains notable that episode lengths are an order of magnitude longer than those previously reported for the general population.
We used a combined retrospective and prospective design following the introduction of a combination behavioral intervention designed to treat depression. Prospective study designs reduce recall error in participants and permit more granular estimates of episode duration. Use of retrospective data are consistent with previous work (15) . In order to maximize accuracy of participant recall, we used the timeline method throughout the SCID interview to minimize the effects of this limitation. Similar to prior studies (16) , estimates of depression episode durations may be artificially limited by the effectiveness of the intervention. However, our data suggest that episode duration is significantly longer in participants with T2D even if this is a conservative estimate attributable to the effectiveness of the cognitive behavioral therapy and exercise intervention.
Another limitation is the lack of availability of medical record data to verify prescribed use of antidepressant medications or referral for behavioral therapies over the life course. While antidepressant medication use was collected prospectively in the current trial, it could not be accurately estimated for past episodes. It is not possible to estimate the effects of these medications on episode duration in our data set. However, the presence of recurrent depressive episodes in this sample suggests that even when antidepressant medication was present, dosing, timing, and monitoring were insufficient to effectively treat depression in these participants.
Further, the absence of medical record data prevents evaluation of the effects of treatment on subsequent MDD or ODD episode timing or duration. It is possible that a known history of diagnosis and/or treatment for MDD could result in further screening and effective treatment. Episode number and duration data from this study suggest, however, that patients did not receive adequate screening or treatment to successfully prevent subsequent depressive episodes from their providers. Future studies that record detailed histories of psychiatric diagnoses and the timing of medication and/or behavioral therapies are needed to better understand the impact of treatment on depression relapse.
In sum, clinical depression poses a significant burden on adults and families with T2D. Data from the first study to document depression episode and remission duration over the life course has shown that depression is a recurrent disorder that persists for prolonged periods and imposes a significant burden on patients with T2D. Whether depression or T2D is diagnosed first, depression in these patients requires consistent and progressive treatment to reduce and prevent the host of adverse consequences associated with prolonged exposure to these comorbid conditions.
